Abstract: Orthopteroid assemblages (orders Orthoptera and Mantodea) were compared along moisture gradient at five sites of the Slovak Karst in southern Slovakia. A total of 40 species were recorded by sweep-net sampling. The occurence of each identified species varied with soil moisture and other factors. Sites with similar moisture conditions tend to have similar assemblages. No species occurred simultaneously at the wettest and driest sites. There were two principal and five subordinate assemblages within the moisture gradient. Assemblages were related to the two commonest habitat types demarcated by the presence of different indicator species. Total orthopteroid species richness and number of grasshopper (Acridoidea) species increased linearly with falling soil moisture and Ellenberg's indicator value for moisture.
Introduction
There are several key factors that have an impact on the structure of assemblages in terrestrial ecosystems. These include climate (Currie 1991) , structure and productivity of habitat (Pianka 1966; Tilman 1982; Morris 1990) and biogeographical features such as the area of habitat and habitat isolation (MacArthur & Wilson 1967; Connor & McCoy 1979) . These factors also determine the habitat suitability for orthopteroid species. However, individual species select their microhabitat as a compromise between multiple determining factors (Joern 1979 (Joern , 1982 . Important attributes that define microhabitat suitability are food availability, vegetation structure, oviposition sites, substrate characteristics, biotic features (e.g., presence of competitors or predators) and in particular microclimatic determinants such as moisture and temperature. Previous research suggests that these factors have a strong influence on grasshopper microhabitat selection (Jakovlev & Krüger 1953; Jakovlev 1957; Uvarov 1966 Uvarov , 1977 Chappell 1983; Ingrisch 1983; Whitman & Orsak 1985; Whitman 1986 Whitman , 1987 .
The Slovak Karst in S Slovakia generally has high species and habitat diversity (Rozložník & Karasová 1994) . Its geographical location and specific geoecological conditions markedly influence the overlapping occurrence of species from the Carpathian Mountains in the north and the Pannonian Lowland in the south. Therefore, the area was appropriate for this research, which had three main objectives: (i) to identify the orthopteroid species composition of the area, (ii) to identify assemblages corresponding to the main habitat types, and (iii) to investigate how the assemblages vary with moisture along a gradient.
Material and methods

Study area and study sites
The Slovak Karst (Slovenský kras) is the largest karstic area in Central Europe with an altitude ranging from 171 m to 1021 m a.s.l.; an average annual temperature of 8.5
• C and an average annual precipitation of 673 mm (Rozložník & Karasová 1994) . It is a bilateral national park with its counterpart lying in Hungary. From a biogeographical viewpoint the study area represents a temperate grassland ecosystem in the transition zone of the Pannonian region which strongly influences its fauna and flora (Rozložník & Karasová 1994) . In general, the area is characterized by high biodiveristy resulting from two main factors. First, it is an area where species typical for the Carpathian Mountains overlap with southern lowland steppe elements. Second, there are still many traditionally cultivated wild meadows.
Individual study sites were chosen so that each includes a specific habitat type, differing from others in their ecological conditions (specifically in moisture). The studied transect extended from a humid habitat near the Hrhov Lakes (Hrhovské rybníky, 48 • 36 N, 20 
Moisture
To estimate soil moisture, soil samples were taken from three randomly chosen points at each study site during warm and dry weather on July 8, 2005. Each sample consisted of about 100 g of soil from a depth of 10 cm. Immediately after the soil samples were taken out of the bags, they were weighed and then dried. The dry soil was re-weighed. The weight percentage of moisture for each site was calculated as the mean value of the percentages from all three point samples (Table 1 ). In addition, humidity at each site was examined indirectly, i.e. derived from vegetation. The method of weighted averaging of Ellenberg's moisture indicator values for vascular plants was used to estimate relative soil moisture (for more details see, e.g., Kent & Coker 1994, Table 1 ). The vegetation characteristics (including reléves) were provided by the Administration of the Slovak Karst National Park.
Orthopteran sampling
Orthopteran specimens were obtained by sweep-net sampling. This method provides poor estimates of the absolute abundance, but good estimates of the relative abundance of grasshoppers at a site (Evans et al. 1983 ). The samples were collected during calm, warm and sunny weather conditions in September 2003, and in July and August 2005. During each visit 800 sweeps were performed, i.e., 2400 sweeps at each site in total. The specimen sample, taken at each study site, consisted of 16 sets of 50 sweeps carried out on 16 randomly chosen transects (cf. Wachter et al. 1998) . At each step a sweep was made by traversing a horizontal arc of 180
• with a standard canvas net, which had 38 cm in diameter (cf. Evans 1988) . Sample collection took place from 10 am to 6 pm. The individuals were identified immediately in the field. However, some specimens required identification in the laboratory using identification keys (Harz 1969 (Harz , 1975 .
Both system and nomenclature follow the work by Heller et al. (1998) .
Statistical analyses
The relative species abundance at any particular site was calculated as the mean value of the numbers of adult orthopterans and mantids that were collected during all site visits. These values of relative species abundance were transformed into the following semi-quantitative scale (Krištín 2004; Krištín et al. 2004 ): 1 -very rare (less than 3 individuals), 2 -rare (3-10 individuals), 3 -abundant (11-100 individuals), 4 -very abundant (more than 100 individuals). The abundance expressed in this manner was used throughout all further analyses.
Hierarchical cluster analysis included in STATISTICA for Windows 5.5 (STATSOFT, 2000) was used to compare the orthopteran assemblages of different habitats. The complete linkage method based on Euclidean distances was applied. The Detrended Correspondence Analysis (DCA) (Hill 1979) in CANOCO for Windows 4.5 (ter Braak & Šmilauer 2002) was used to explore the spatial distribution of orthopterans and mantids along the moisture gradient. Simple comparative analysis with Kendall τ rank correlation (Conover 1980; Zar 1999 ) on the abundance of species was used to ascertain the relationship between the moisture and scores of study sites on ordination axes in DCA analysis. The relationship between the orthopteroid species richness and environmental variables (moisture, Ellenberg's indicator values for moisture) was examined with a simple linear regression.
Results and discussion
Species composition
In total, 39 orthopteran and one mantid species were identified (Table 1 ). The superfamilies Acridoidea (19 species) and Tettigonioidea (13 species) constitute the richest groups in terms of species composition. EuroSiberian species of Angarian origin and numerous Palearctic species, which are characteristic of Central European grasslands (Ingrisch & Köhler 1998) , prevailed in the samples. P. falcata, T. viridissima, E. brachyptera and C. parallelus were the most frequent species, occurring at 80% of study sites (Table 1) . The list of species should not be considered final, because some species are difficult to obtain by sweeping (e.g., crickets -Grylloidea).
Structure of orthopteroid assemblages along the moisture gradient Variability in habitat characteristics may affect orthopteroid community structure simply because habitat preferences vary among species. Habitat preference is determined by numerous factors including food sources, predator-free space, oviposition sites, and optimal thermoregulatory sites (cf. Chappell 1983; Whitman 1987; Quinn et al. 1991) . Soil characteristics may also affect species distribution and the prevalent orthopteroid assemblage structure (Isely 1937 (Isely , 1938 Johnson 1989; Quinn et al. 1991) .
Moisture is one of the main factors influencing species composition and spatial structure. There are two ways of moisture impacting on orthopterans -directly through air and soil humidity and indirectly through the composition and character of vegetation. Soil moisture has a specific impact on microclimatic conditions and egg laying opportunities (Ingrisch & Köhler 1998) . It is known that orthopterans differ in their ability to regulate transpiration depending on humidity in the environment (Jakovlev & Krüger 1953; Jakovlev 1957) . For instance, xerophilous species are able to restrict transpiration even at low levels of air humidity. Eggs of such species absorb more water when it is available, and show lower water loss during drought periods (Ingrisch 1983) . Because of the differing ability of orthopterans to respond to habitat conditions (Quinn et al. 1991) , it was hypothesized that the orthopteran assemblage structure would also change along a moisture gradient.
In this study, the results of the cluster analysis allowed the classification of orthopteroid assemblages into two main groups (Fig. 1) . The first group is formed by assemblages belonging to mesic and dry habitats (AP, XS); the second one consists of assemblages belonging to hygric habitats (DB, DM, HG). The assemblage of the wettest habitat (DB) stands out within the second cluster because of the presence of many differentiating species occurring exclusively in this habitat.
The assemblages of moist HG and DM habitats were most similar (the Euclidean distance = 6.2). This was also the result of Kendall's rank correlation analysis (Table 2 ). In addition, significant positive correlation was found between the assemblages of the drier sites XS and AP. However, the assemblage of the driest site XS was negatively correlated with assemblages of the wet sites DB and HG. The mesic site AP was also negatively related to the wettest site DB ( Table 2 ).
The species (Table 1 ) and the DCA data (Fig. 2) reveal that the orthopteroid assemblage composition varies with moisture, i.e. sites with similar moisture conditions tend to have similar assemblages. A gradual change in orthopteroid assemblages is noticeable along the first axis. Both the soil moisture and Ellenberg's indicator values for moisture were significantly correlated with the scores of sites on the 1st ordination axis (τ = −1, P < 0.05 in both cases). The length of the gradient on this axis (8.058) indicates high variability of the structure of orthopteroid assemblages along the gradient studied (cf. Wachter et al. 1998) .
Based on the results of the Detrended Correspondence Analysis several assemblages can be specified within the moisture gradient in the study area (Fig. 2) . Both moisture and species preference to moisture decrease along the first axis from left to right. The wettest site DB with the occurrence of strictly hygrophilous and riparian species, such as, e.g., P. heydenii and Xya spp., is on the left of the diagram. These species are regarded as typical for such biotopes in Central Europe (Harz 1975; Ingrisch & Köhler 1998) . In the middle part of the ordination plot are wet habitats (DM, HG) inhabited by hygrophilous, mostly pratinicolous species, such as C. fuscus, C. dispar, M. parapleurus, O. viridulus and C. montanus. Fig. 2 . Detrended Correspondence Analysis (DCA) for 5 samples and 40 species (the length of the gradient on 1 st axis is 8.058; the 1 st axis explains 47.0% and the 1 st and 2 nd axes 57.1% of total variance; the sum of all eigenvalues is 1.974). For species abbreviations see Table 1 . Xerophilous species from the dry biotope of Okrúhle hill are in the driest side of the gradient on the right of the diagram (Fig. 2) . Among the species found only in the driest site XS, the species S. eurasius, O. caerulescens and T. bipunctata are strictly xerophilous and were present mostly in patches sparsely covered with vegetation. Places covered by denser and more compact vegetation were mainly favoured by P. fallax, M. religiosa and S. stigmaticus. Another differentiating xerophilous species E. ephippiger was typically in places with either shrubs or with tall grass-forb vegetation.
There were ten species recorded only in the drier sites AP and XS, and missing in moist sites. These were mostly xerophilous species with a wide ecological tolerance such as P. albopunctata, O. pellucens, C. italicus, O. haemorrhoidalis, M. bicolor, C. mollis, S. nigromaculatus etc.
The DCA analysis puts the optimum for both mesophilous and eurytopic species in the mesic part of the gradient, i.e. in the mid-right section of the ordination plot. The vegetation of the lower grasses and forbs was inhabited by euryvalent species such as E. brachyptera, C. parallelus, C. biguttulus, C. dorsatus etc. The eurytopic bush-crickets T. viridissima, L. albovittata, P. falcata and P. griseoaptera were present on higher grass-forb or shrub vegetation of both moist and drier habitats. From the results of cluster, correlation and DCA analyses and from the consideration of the species occurrence in individual habitats two principal and five subordinate orthopteroid assemblages were identified. They relate to each habitat within the observed mois-ture gradient. In general, the assemblages can be separated by the presence of characteristic species (Table 3) .
Species richness and moisture
In the study area, the highest number of species was recorded in the xeric habitat (XS) with a steppe-like character at Okrúhle hill (Fig. 3) . Its prevailing ecological conditions enable the presence of species-rich assemblages with many xerophilous and eurytopic species, including several rare species (e.g., S. eurasius, P. fallax, S. stigmaticus). High species richness was also found in the mesic habitat (AP). However, species richness of habitats with surface water (DB, DM) was quite low due to very specific conditions such as high air moisture, limited food sources, and restricted opportunities for oviposition and shelter (Ingrisch & Köh-ler 1998) . These conditions only allow the occurrence of specialised ripicolous and hygrophilous species, as well as a few highly adaptable species, which are tolerant to humidity and habitat quality. In this study, total orthopteroid species richness increased linearly with falling soil moisture (r 2 = 0.926; P < 0.05), as well as with decreasing Ellenberg's indicator value for moisture (r 2 = 0.956; P < 0.05) (Fig. 4) . Thus, the findings are in agreement with our predictions. In addition, the number of grasshopper (Acridoidea) species (Fig. 3) , which are in general considered to be more continental and xerophilous (Ingrisch & Köhler 1998) orthopterans, was negatively correlated with moisture characteristics (r 2 = 0.924; P < 0.05 and r 2 = 0.933; P < 0.05, respectively) (Fig. 4) .
Moisture is, or course, only one of the important factors influencing species structure of orthopteran assemblages. Further ecological factors are covariant with moisture (e.g., vegetation cover, temperature, soil structure, isolation, kind of management) and also need further research.
